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NOTICES 



JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. ° 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 
[Claim(s)] 

I. Organic electroluminescence device which it is organic electroluminescence device including anode 
cathode, and organic field across which it faced between them, and said anode reforming layer contacts 
[ said anode ] said organic field including - metal layer, - barrier layer, and - anode reforming layer and 
is characterized by arranging said anode so that light may be emitted by said cathode 

2 Device according to claim 1 which front face of said barrier layer oxidizes and forms said anode 
reforming layer. • 

3. Device according to claim 1 which adheres to said anode reforming layer on said barrier layer 

4. said barrier layer -- the [, such as InN, ] - the device containing an III group nitride according to 
claim 1 . & 

5. Device according to claim 1 with which said metal layer contains aluminum or Cu. 

6. Device according to claim 1 which has work function with said high anode reforming layer 

7. Device containing metal which has visible-spectrum reflection factor so that said metal layer may 
increase amount of light emitted from said cathode according to claim 1 . 

8 Device according to claim 1 with which said anode reforming layer, said barrier layer, or its both 
absorb visible ray powerfully. 

9. Device according to claim 1 with which said metal layer contains metal stack of arbitration such as Pt 
on the alloy of aluminum, Cu, Mo, Ti, Pt, Ir, nickel, Au, Ag, or arbitration, or aluminum 

10. The device according to claim 1 with which said metal layer is formed on a substrate. 

I I. The device according to claim 10 said whose substrate is a silicon substrate. 

12. The device according to claim 1 1 said whose silicon substrate is a crystalline substance 

13. The device according to claim 10 with which said substrate includes a polish recon circuit or an 
amorphous circuit. 

\i' 2 6 j CViCe accordin 8 to claim 1 1 with whi ch said silicon substrate contains an integrated circuit 

15. The device according to claim 1 chosen so that said anode reforming layer may make possible a hole 
injection with the sufficient effectiveness to said organic field. 

16. The device according to claim 1 chosen so that said anode reforming layer may form the stable 
interface with said organic field. 

thing 116 device according to claim 1 said whose anode reforming layer is a conductive or insulating 

18. The device according to claim 1 on which an oxide layer functions as an anode reforming layer 

19. The device according to claim 1 with which said barrier layer isolates said anode reforming layer 
from said metal layer physically and chemically by forming an obstruction while a charge enables it to 
pass the interface with said metal layer and said anode reforming layer. 

20. The device according to claim 1 said whose barrier layer is a conductive or insulating thing 

2 1 . A device according to claim 1 with high barrier layer [ said ] reflexibility. 

22. The device according to claim 1 with which said anode reforming layer contains ITO, ZnO, MgO 
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23. The device according to clai^^with which said anode reforming layer cofl^s [ said barrier layer ] 
V205 including nickel layer and a NiOx layer. 

24. The display on which said device is formed on a substrate including at least one device by claim 1 , 
or an array. 

25. The display according to claim 24 said whose substrate is a silicon substrate. 

26. The display according to claim 25 on which a circuit is unified in said substrate. 

27. The display according to claim 26 designed so that said circuit may drive said device. 

28. The display according to claim 24 on which said anode is patternized. 

It is Approach for Creating Organic Electroluminescence Device Including Anode, Cathode, and 
Organic Field across which it Faced between Them. Said Approach 29. - Metal Layer, By forming the 
barrier layer located on said metal layer, and the anode reforming layer located on said barrier layer The 
approach by which said anode is arranged so that said anode reforming layer may contact said organic 
stack and light may be emitted by said cathode including the step which builds said anode before 
formation of said organic field and a cathode. 

30. The approach according to claim 29 which an oxide functions as said anode reforming layer, and is 
formed when said oxide oxidizes the front face of said barrier layer. 

3 1 . The approach according to claim 29 formed when said anode reforming layer adheres it on said 
barrier layer. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

Anode reforming technical field for organic light emitting diodes This invention relates to the approach 
for creating an organic electro luminescent display and it. 

Background of invention Since it is applicable to the light emitting diode (LED) according to individual, 
an array, and a display, the organic electroluminescence (EL) reached far and wide, and has been 
studied. An organic material can make a completely new application possible instead of a semi- 
conductor in the application of much LED potentially. Creation organic [ LED ] (OLED) is easy, and 
when development of the improved organic material continues, the possibility of a new and cheap 
OLED display is promised. 

the organic electroluminescence of low effectiveness ~ for example, Physical Review Letters besides 
HERUFURIHHI (Helfrich), Vol.14, and No. - it is reported to 7, 1965, and pp.229-231 in front of 
many years. 

two kinds of reports of organic electroluminescence efficient [ the latest development ], i.e., Applied 
Physics Letters besides a C.W. tongue (Tang), Vol.51, and No. - 12, 1987, pp.9 13-9 15 and Nature 
besides BOROZU (Burroughes), and Vol. -- it is driven by 347, 1990, and pp.539. In the tongue paper, 
OLED which has two organic layers using the vacuum deposition of a molecular compound is formed. 
In the BOROZU paper, spin coating of a polymer called Pori (p-phenylenevinylene) is carried out, and 
the single organic layer OLED is formed, a tongue paper and Nature besides N. Green Hamm 
(Greenham), and Vol. - the advantage indicated by research of the after that of 365, 1993, and pp.628 - 
630 printing was mainly attained by amelioration of the OLED design obtained by selection of a suitable 
organic multilayer and an electrode metal. 

the - as shown in 1 A Fig., the simplest OLED structure in a possible thing consists of an organic 
emission layer 10 pinched by inter-electrode [ of both the electron (e-) which meets and recombines 
within the emission layer 10 and generates light, the cathode 1 1 which pours in an electron hole (h+), 
respectively, and the anode 12 ]. it turned out that the performance improved when the work function of 
an electrode was in agreement with the molecular orbital of its that of the organic layer 10 (MO) is 
attained (D. - D.C. Bradley (Bradley) --) Synthetic Metals and Vol. - 54, 1993, pp.401-405, Japanese 
Journal of Applied Physics besides J. pen (Peng), Vol.35, and No. - 3 A, 1996, and pp.L317-L319 - an 
I.D. parka (Parker), Journal of Applied Physics, Vol.75, and No. - 3, 1994, and pp. 1656- 1666. such 
improved structure - the - although shown in IB Fig., the optimization electrode materials 13 and 14 
reduce the energy barrier over the carrier impregnation to the organic layer 10. The performance of 
single organic layer structure is still inadequate. 

An electron can cross the organic layer 10 and can be given to an anode 14, or an electron hole may 
reach a cathode 13, and also when it is any, it is because a current without light occurs and OLED 
effectiveness falls. 

Moreover, the well-balanced charge impregnation is also important. For example, when a cathode has a 
large energy barrier to electron injection, the usefulness of the outstanding anode is limited. Almost all 
electrons are not poured in, but Fig. 2 shows the device equipped with the large electronic obstruction 16 
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so that an electron hole may recombine in un-emanating and may not be spread near the within a 
cathode 1 5. The ingredient of an anode and a cathode must be equally in agreement with each MO so 
that the well-balanced OLED effectiveness optimized [ which optimized and charge-poured in ] may be 
acquired. 

The improved structure which is divided between an electron and an organic layer with the separate 
transfer function of an electron hole, the electron transport layer 20 (ETL), and the electron hole transfer 
layer (HTL) 21 is shown in Fig. 3. 

C.W. Journal of Applied Physics besides a tongue (Tang), Vol.65, and No. - higher carrier mobility is 
attained by 9, 1989, and pp.36 10-36 16 by the OLED design of 2 organic layers, consequently the series 
resistance of OLED falls to them, and when operating voltage is low, it is indicated that an equal optical 
output becomes possible. Electrodes 22 and 23 can be chosen according to an individual so that it may 
be in agreement with MO of ETL20 and HTL21, respectively, and recombination is performed by the 
interface 24 of the organic layers 20 and 21 which is separated from one of electrodes. As an electrode, 
by Tang, the MgAg alloy cathode was used and the transparent indium-tin-oxide (ITO) to which it 
adhered on the glass substrate as an anode was used. Japanese Journal of Applied Physics besides 
EGUSA (Egusa), Vol.33, and No. - 5A, 1994, and pp.2741 -2745 show that an energy barrier blocks 
both an electron and an electron hole by the organic interface as a result of suitable selection of an 
organic multilayer ingredient. This is shown in Fig. 3, and an electron is blocked by suitable selection of 
an organic material so that it may not go into HTL21, and the electron hole is blocked so that it may not 
go into ETL20. Quenching near a contact (it is shown in Fig. 2 like) falls according to this description, 
and the electron and electron hole of high density in the small interface volume which brings about 
strengthening of a radiative recombination are also promised. 

What it remains in as constraint on the performance of OLED by the multilayer device architecture 
which is understood enough and used widely is an electrode. The main performance indices of an 
electrode material are the locations of the electrode Fermi energy to organic [ related / MO ]. In order to 
support the extract of light depending on an application, an electrode is transparent or it is a desirable 
thing that reflexibility is also high. Moreover, an electrode must be inactive chemically to the organic 
material which adjoins in order to bring about the stability of long-term OLED. 

Cautions have greatly been turned to a cathode. A good electron injection machine is the metal of a low 
work function, and it is because this is also a reactant thing chemically, oxidizes quickly in atmospheric 
air and restricts the dependability and the life of OLED. On the other hand, cautions were seldom turned 
to optimization of an anode contact. Because, generally the conventional ITO anode excels the cathode 
contact in the engine performance, consequently a superfluous electron hole generates it. Since [ this ] it 
is superfluous, amelioration of a cathode does not search for amelioration of an anode more positively 
for the convenience relevant to the transparency of ITO. 

However, ITO is never an ideal anode. ITO caused degradation of the device as a result of In diffusion 
into OLED, and finally, as specified in Fresenius J.Anal.Chem. besides G. SAUA (Sauer), pp.642-646, 
and Vol.353 (1995), a short circuit generates it. ITO is polycrystal and the abundant paths for pollutant 
diffusion into OLED are brought about by the grain boundary of the large number. It is known as what 
ITO is the storage area of oxygen and finally has harmful effect to many organic materials (J. C. Scott 
(Scott), J.H. Kauffmann (Kaufman)). 

J.Appl.Phys. of a P.J. block (Brock), R. DIPIETORO (DiPietro), J. Salem (Salem), and J.A. GOITA 
(Goita), Vol.79, and p. - 2745 and 1996 - reference. The ITO anode is liked in spite of all these 
problems. It is because no transparent electrode ingredient superior to it is known but ITO brings about 
moderate stability to many applications. 

Although the conventional OLED extracts light with an ITO anode, the architecture depending on the 
extract of the light by the highly transparent cathode (TC) is desirable to OLED created on transparent 
OLED or an opaque substrate. Si is an especially desirable OLED substrate. 

It is because the circuit created by Si wafer can be unified by the drive circuit and low cost which offer a 
display function. Considering a miniaturization and the remarkable performance of Si circuit, the 
OLED/Si display of the high contents of information is Si integrated circuit (IC). 
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It could create at a low price upwards. 

a translucent low work function metal layer with the simplest thin technique of taking in TC — for 
example calcium or MgAg is followed. For example BUROVIKU (Bulovic) others ~ Nature and 
Vol.380 - No. ITO which is reported by the PCT patent application PCT/IB 96/00557 (the [ open 
number ] WO 97/No. 47050) of the coincidence connection exhibited on 10, 1996, p.29, or December 
11, 1997, other transparent units, or two or more electrical conducting materials It is adhering. Such a 
TC In order to make effectiveness of OLED into the maximum, the high anode of the reflexibility which 
can turn more light outside by TC is desirable. Consequently, the low reflection factor of ITO is TC. It is 
the demerit of OLED. 

Or it may become more important to increase the contrast ratio of a display based on OLED or it 
depending on an application. In this case, TC OLED is nonreflective and could obtain profits from the 
high anode of absorptivity. 

Also in this case, the optical property of ITO is demerit. 

The metal of a high work function is TC. The high anode of the reflexibility for OLED could be formed. 
Although some such metals, for example, Au, have a larger work function than ITO (4.7eV of 5.2eV 
pairs), since the diffusion coefficient in an organic material is high, a life may be spoiled. Like In from 
ITO, Au is easily diffused in a more bad thing with many organic materials, and, finally may cause the 
short circuit of a device to it. 

the parka (Parker) with which the efforts for for creating OLED on Si substrate have been made and 
Kim (Kim), Applied Physics Letters, Vol.64, and No. - 14, 1994, and pp. 1774- 1776. The band gap of 
Si is small, and the obstruction concerning [ a work function ] impregnation of both an electron organic 
[ MO ] and an electron hole is large because of a medium, therefore the engine performance as an 
electrode is inadequate. A parka and Kim have improved some of this situation by adding Si02 
interlayer between Si and OLED. By the voltage drop in Si02 insulator, Si band can be located in a line 
with organic [ equivalent to it / MO ], and the electron or electron hole from Si can enter in organic 
[ MO ] through Si02. However, by the required voltage drop in Si02, the turn-on electrical potential 
difference of OLED rises above 10V, and will become inefficient [ these OLED(s) ]. A low-battery 
OLED/Si design is desirable, also in order to improve effectiveness and to make a circuit design easy. It 
is because Si transistor below a micron cannot generate easily the driver voltage exceeding 10V. In the 
case of an anode, that to which the work function on the front face of Si is raised, and the operating 
voltage of OLED is reduced by that cause is more desirable than tunnel insulator surface treatment like 
Si02. 

The display based on OLED and it equipped with the outstanding dependability and effectiveness is 
realized, and in order to make possible new architecture, such as a device emitted by TC, an electrode 
material must be improved so that the above-mentioned example of a present condition technique and 
explanation may show. TC optimized in order to create an OLED array or a display on Si substrate 
especially It is Si as an object for OLED architecture. The improved anode which is compatible with IC 
technique is required. 

The purpose of this invention is to offer the organic electroluminescence device improved newly, an 
array, and the display based on it. 

Other purposes of this invention are equipped with the increment in the improved effectiveness, lower 
operating voltage or steeper steeper current/voltage characteristic, dependability and stability, and a life, 
are optimized for [ by the transparent cathode electrode ] luminescence, and are to offer the organic 
electroluminescence device improved newly, an array, and the display based on it. 
Other purposes of this invention are to offer the organic electroluminescence device created on Si 
substrate, an array, and the anode for a display improved newly. 

The purpose of further others of this invention is to offer the approach for creating this organic 
electroluminescence device improved newly, an array, and a display. 

Outline of invention The above-mentioned purpose is attained by offering OLED which has a cathode, 
an anode, and the organic field across which it faced between them, and said anode is - metal layer and - 
anode reforming layer. - It consists of at least one barrier layer, and said anode reforming layer contacts 
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said organic field, and said anode is arranged so that light may be extracted by said cathode. 
As a metal layer about this invention, what kind of metal is also suitable. As an example, there are metal 
stacks, such as Pt on aluminum, Cu, Mo, Ti, Pt, Ir, nickel, Au, Ag and its alloy, or aluminum, 
the accumulation display circuit (here, it is called Si IC) which pretreated the technique of this invention 
- taking in - Si — it is designed especially in order to create OLED on Si crystal wafer to a desirable 
thing. This invention is designed so that it may become the stable OLED anode which has a good hole- 
injection property and the metallization of the existing Si device may be reformed. In OLED on SilC, 
generally, the metal layer of this invention is Si. It is the last metallization layer of IC process, and, as 
for current Si technique, aluminum, Cu, or its alloy usually coheres. Although function with either 
aluminum Cu or an aluminum:Cu alloy sufficient as an OLED anode is not achieved, the outstanding 
visible-spectrum reflection factor is offered and it increases the amount of the light extracted by TC. Si 
IC metallization front face can be widely changed in respect of the thickness of an oxide, granularity, 
and the surface contamination matter according to the factor of a large number including an environment 
when a creation process, the time amount between IC creation and OLED adhesion, and SilC are kept 
and shipped. For the creation which can reproduce efficient OLED, Si metallization anode property must 
be improved and the effect generated by fluctuation of the initial state of a surface of metal must be 
removed. 

The technique of this invention is suitable also for use in the pixel and drive circuit containing polish 
recon or an amorphous silicon device. 

The anode reforming layer of this invention is chosen for the high work function which mainly makes 
possible a hole injection with the sufficient effectiveness to OLED. An anode reforming layer must form 
the stable interface with the adjoining organic layer which is a part of so-called organic field (for 
example, organic [ HTL ]), in order to guarantee the OLED performance which was consistent over the 
long period of time. An anode reforming layer must so be thin enough that it does not carry out deer 
contribution very only to both OLED series resistance and an optical absorption loss, although it can be 
made into a conductive or insulating thing. The oxide is suitable enough as an anode reforming layer. 
The thickness of an anode reforming layer is for 0.5nm - lOnm at a desirable thing. 
The unit or two or more barrier layers of this invention isolate an anode reforming layer from a metal 
layer by forming a physical chemical obstruction, while a charge enables it to pass freely the interface 
with a metal layer and an anode reforming layer. A barrier layer (plurality is also good) offers the 
reproducible front face which was consistent for adhesion of an anode reforming layer or formation 
irrespective of the presentation of a metal layer, or the initial state of the front face. A barrier layer 
(plurality is also good) must so be thin enough that it does not carry out deer contribution very only to 
OLED series resistance, although it can be made into a conductive or insulating thing. Or a barrier layer 
(plurality is also good) can be made into the thing of high reflexibility so that an absorption loss may be 
avoided. The thickness of a barrier layer is for 5nm - lOOnm at a desirable thing. For example, the 
barrier layer containing TiN or TiNC is suitable enough. 

For formation of Si wear, such a sufficiently quiet process must be able to be used for all the layers 
containing an anode, namely, they must be able to form [ that adhesion on a wafer is chemically possible 
at low temperature which hardly causes physical damage, or ] it that Si circuit which is downward is not 
damaged. 

With the gestalt of 1 operation of this invention, the single or multilayer OLED structure of having TC 
created on Si substrate has adopted the multilayer anode structure containing a metal layer, an anode 
reforming layer, and a middle barrier layer (plurality is also good) so that an anode may be stabilized 
and effectiveness may become good at the time of a hole injection. 

The following advantages are acquired as a result of taking in such an anode in OLED structure. 
The low-battery hole injection to an anode reforming layer is performed by both the high work function 
of an anode reforming layer, and free passage of the charge from a metal layer through a barrier layer 
(plurality is also good). 

The stability of the interface of organic [ which a barrier layer (plurality is also good) prepares between 
a metal layer and an anode reforming layer / which chemical and OLED actuation stabilized over the 
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long period of time with the physical obstruction are performed, and adjoins / HTL ], and an anode 
reforming layer is acquired. 

The extract of light with the sufficient effectiveness by TC is supported by the high reflection factor of 
the stack of a metal layer, ****** (plurality is also good), and an anode reforming layer, and low 
absorption. 

Explanation of a drawing With reference to the following schematic diagrams, this invention is 
explained in detail below. However, please care about that the accompanying drawing is not drawn by 
fixed scale. 

the — 1 A Fig. is drawing showing the band structure of known OLED which has one emission layer and 
two electrodes (conventional technique). 

the — IB Fig. is drawing showing the band structure of other known OLED(s) which have one emission 
layer and two metal electrodes with which the work function was chosen so that the energy barrier for 
carrier impregnation might be reduced (conventional technique). 

It is drawing showing the band structure of other known OLED(s) which have one emission layer and 
two metal electrodes, the work function of an anode is chosen so that the energy barrier for hole 
injections may become low, the work function of Fig. 2 of a cathode does not ftilly correspond with an 
emission layer, but it is shown that the electron injection and the radiative recombination in said 
emission layer are hardly performed (conventional technique). 

Fig. 3 is drawing showing the band structure of other known OLED(s) which have one electron transport 

layer and one electron hole transfer layer (conventional technique). 

Fig. 4 is an outline sectional view of the gestalt of operation of the 1st of this invention. 

Fig. 5 is an outline sectional view of the gestalt of operation of the 2nd of this invention. 

Fig. 6 is an outline sectional view of the gestalt of operation of the 3rd of this invention. 

Explanation of the gestalt of desirable operation The structure where the 1st which receives a benefit 

from the anode technique of this invention was improved is illustrated and explained in relation to Fig. 

4. 

TC of the high performance created on Si substrate In order to offer an OLED device, as shown in Figs. 
4-6, the improved structure of receiving the benefit of the anode technique of this invention is prepared, 
and a new array and the application of a display become possible. It relates to Figs. 4-6, and the gestalt 
of three kinds of implementation of the amelioration OLED which took in the anode of this invention is 
explained in full detail. 

The gestalt of the 1 st operation is shown in Fig. 4. TC formed on the substrate 45 OLED is shown. Since 
the electroluminescence light 52 is emitted from an up electrode (cathode 51) with this configuration, 
almost all kinds of substrates 45 can be used. As an example, there are Si, glass, a quartz, stainless steel, 
and various plastics. The anode of this invention containing the metal layer 46, a barrier layer 47, and 
the anode reforming layer 48 is located on said substrate 45. As a metal layer 46, what kind of metal is 
also suitable. As an example, there are metal stacks, such as Pt on aluminum, Cu, Mo, Ti, Pt, Ir, nickel, 
Au, Ag, its alloy, or aluminum. According to the gestalt of operation, the metal which offers a visible- 
spectrum reflection factor is especially suitable enough. 

A barrier layer 47 isolates the anode reforming layer 48 from the metal layer 46 by forming a physical 
chemical obstruction, while a charge enables it to pass freely the interface with the metal layer 46 and 
the anode reforming layer 48. However, please care about that the anode of this invention may contain 
one or more barrier layers. Barrier layer (plurality is also good) 

47 offers the reproducible front face which was consistent for adhesion of the anode reforming layer 48 
or formation irrespective of the presentation of a metal layer, or the initial state of the front face. A 
barrier layer (plurality is also good) 47 must so be thin enough that it does not carry out deer 
contribution very only to OLED series resistance, although it can be made into a conductive or 
insulating thing. Or a barrier layer (plurality is also good) 47 can be made into a reflexible thing so that 
an absorption loss may be avoided. The thickness of a barrier layer is for 5nm - lOOnm at a desirable 
thing. 

The anode reforming layer 48 is chosen for the high work function which mainly makes possible a hole 
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injection with the sufficient effectiveness to the organic field of OLED. The anode reforming layer 48 
must form the stable interface with the adjoining organic emission layer (EML) 49, in order to guarantee 
the OLED performance which was consistent over the long period of time. The anode reforming layer 
48 must so be thin enough that it does not carry out deer contribution very only to both OLED series 
resistance and an optical absorption loss, although it can be made into a conductive or insulating thing. 
The thickness of an anode reforming layer is for 0.5nm - lOnm at a desirable thing. 
TC51 is located on EML49. An electroluminescence is generated within EML49. As shown in Fig. 4, a 
part of light is directly emitted in the space of the one half above EML49 and TC51 to OLED. Other 
parts of light move toward the anode structure of this invention. Anode structure reflects light so that it 
may also be emitted in the space of the one half above OLED. 
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TC created on Si substrate The gestalt of operation of the 2nd of the anode of this invention for OLED is 
shown in Fig. 5. In the top from a substrate 25, it is Si. IC/TnN/InNOx/HTL/ETL/TC OLED structure is 
shown in order of adhesion. Si of Fig. 5 In IC25, this functions also as a metal layer in the anode of this 
invention including the up metal contact pad 26 of aluminum. Si After completion of IC creation, it 
adheres to the InN barrier layer 27 directly on a substrate so that it may lap with the contact pad 26 at 
least. Next, this sample is in the oxygen plasma, or it oxidizes in air, a steam, ozone, and other oxidation 
environments equally, and the InNOx surface anode reforming layer 28 in which the low-battery hole 
injection into organic [ HTL / 29 ] is possible is prepared. The electron poured in into ETL30 from 
TC31 is recombined with the electron hole in an organic field, and generates EL32 extracted from TC31. 
The organic field of the gestalt of this operation contains HTL29 and ETL30. However, please care 
about that an organic field contains at least one organic layer in any case (see the gestalt of the 1 st 
operation). 

. Si Since IC25 is simplified, it may contain the integrated circuit which is not shown in Fig. 5. instead 
off of InN ] - the [ for example, / other ] - an III group nitride could be used. 

InN is Si, although it has the outstanding transparency and is a conductive degenerate semiconductor. 
Since it is not conductivity to the extent that electric crosstalk occurs by side conduction by the InN 
barrier layer 27 between aluminum metal pads 26 with which it adjoins on TC25, it is the outstanding 
barrier layer ingredient. InN which has such a property can adhere a room temperature or near the as 
indicated by Materials Research Society Internet Journal of Nitride Semiconductor Research besides a 
BAIA line (Beierlein), Vol.2, and Paper 29. Since the work function of the front face can be increased 
by oxidizing, consequently forming the InNOx anode reforming layer 28 immediately on an InN barrier 
layer, InN is also convenient selection. The InNOx anode reforming layer 28 could also be directly 
adhered on InN on a par with this. 

Some approaches for adhesion of the anode reforming layer of the oxide base are enumerated below. 
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- The chemical gaseous-phase adhering method including the plasma strengthening chemical gaseous- 
phase adhering method (PECVD) (CVD) 

- Spatter adhesion or reactant (for example, it can set on an oxygen ring boundary) spatter adhesion, heat 
vacuum evaporationo, electron beam evaporation, and oxygen plasma (plasma exchange oxidation) 

- spin coating from heat annealing, UV ozonization, the wet chemistry oxidation, the electrochemistry 
oxidation, and the solution in an oxidation environment an anode reforming layer, ITO, ZnO, MgO, and 
Sn2, 28 which is completely different in order to show some examples — 03 and In2 - 03, Ru02, 
V205, or the same oxide could also be used instead. [ for example, ] Similarly, a completely different 
metal layer 26 could also be used instead. According to degeneration of an InN semi-conductor, it is 
guaranteed irrespective of a presentation or initial state of the front face of the metal layer 26 that a 
charge can pass easily into the InN barrier layer 27 from the metal layer 26. Since it is the same, a 
charge can cross the InN barrier layer 27, without generating serious series resistance, and can also be 
moved into the anode reforming layer 28. Operating with the reinforcement of polar high In-N 
association as a chemical physical obstruction in which InN27 was excellent to corrosion or diffusion 
between the metal layer 26 and the anode reforming layer 28 is guaranteed. 

The device shown in Fig. 5 receives a benefit from low visible-spectrum absorption of the high 
reflection factor of aluminum metal layer 26, the InN barrier layer 27, and the InNOx anode reforming 
layer 28, and many of EL32 emitted toward the substrate can reflect by TC3 1 by this, and it can return. 
The device which has the anode structure shown in Fig. 5 shows quantum efficiency and power 
efficiency higher than the equivalent structure of having the conventional ITO anode as a result of the 
charge impregnation which maintained balance from that between an aluminum/InN/InNOx anode and 
TC. 
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TC created on Si substrate The gestalt of operation of the 3rd of the anode of this invention for OLED is 
shown in Fig. 6. In the top from a substrate 33, it is Si. 205/HTL/EML/ETL/TC of IC/nickel/NiOx/V 
OLED structure is shown in order of adhesion. 

Si of Fig. 6 In IC33, this functions as a metal layer in the anode of this invention including the up metal 
contact 34 of an aluminum:Cu alloy. 

Si After completion of IC, it adheres to the two-layer barrier layer of nickel35/NiOx36 directly in order 
on the part covered with the metal contact layer 34 among substrates 33, or adheres to nickel35 barrier 
layer, and the front face oxidizes after that and forms NiOx36 barrier layer. The anode of this invention 
is completed into HTL38 by adhesion of the V205 anode reforming layer 37 which can pour in an 
electron hole. The electron poured in into ETL40 from TC41 is recombined within the organic emission 
layer 39, and generates EL42 extracted from TC41 . In order to simplify, the circuit in Si substrate is not 
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